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2. Age

Age in study GGGK ranged from 45 to 81 years old. According to the sponsor, clearance decreased by
24% over this age range in the index data set, however this is less than the within-patient variability of
31%. Due to this and the failure to be retained in the final population pharmacokinetic model, the sponsor
concluded that this effect is not clinically significant and does not necessitate dosage adjustment.

Table 14 _Effect of Age on Clearance Estimates {(GGGK)

Age (years) Population Estimate of Clearance * (L/Hr)
45 (population minimum) 50.7
67 (popuiation average 433
81 (population maximum) 38.6

a Fora typical nonsmoker with typical creatinine clearance for age.
3. Weight and Body Mass Index

According to the sponsor, ‘Patient weight ranged from 33 t6.133 kg in this study population. The inclusion
of weight as a covariate did not Improve the goodness-of-fit statistics (DMOF < 10, 828 points). Thersfore,

significant in this patient population.”
4. Race/Ethnicity

According to the sponsor, ‘inclusion of ethnic origin as a covanate did not improve the goodness-of-fit
statistics (DMOF < 10.828 points). Therefore, the effect of ethnic origin on raloxifene disposition was rot

( significant in this patient population.”
As can be seen in Table 15 the numbers of non-Caucasians are small and are probably insufficient to
detect an effect if one should exist.
Table 15 Race and Ethnicity of Subject in Study GGGK
[ Race/Ethnicity % Number of Subjects
Caucasian 97.5 1669
Asian 1.0 17
Hispanic 0.7 12
African Descent 0.5 9
Other 02 3
Total 100 1710 0f 1712
a - estimated from percentages.
5. Smoking Status
Smokers comprised 17% of the population. Based upon the total number of subjects in the
pharmacokinetic study as reported by the sponsor this caiculates to be 291 subjects. The mean clearance
in smokers (49.9 L/hr) is 15% higher than the mean clearance in the typical non-smoker (43.3 Uhr). The
typical non-smoker in this study is 67 years oid, and has a mean creatinine clearance (CGLF) of 39
ml/min).
According the to sponsor, the increase in clearance is less than the within-patient variability of 31%.
Consequently, the sponsor concluded that this effect is not clinically significant and does not necessitate
(’ dosage adjustment.
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- erroneous as normalization would give units of volumestime x mass™'. In actuality the Cockeroft-Gauit

~ The sponsor concluded that since the decrease in clearance is less than the within-patient variability of
--31%, this effect is not clinically significant and does not necessitate dosage adjustment.
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The basis of this difference of clearance in smokers is unknown, however according to the sponsor the
results are consistent with earlier data from traditional pharmacokinetic studies.

6. Alcohol Consumption

According to the sponsor, ‘In this study population, 82% of the patients were categorized as nondrinkers
while 18% of the patients were categorized as drinkers (>3 drinks per week). The inclusion of the effect of
alcohol as a covariate did not improve the goodness-of-fit statistics (DMOF < 10.828 points). Therefore,
the effect of self-reported alcohol consumption was not significant in this study population.'

7. Renal Function (CGLF)

Population analysis indicates that clearance decreases with renal function. For the typical 67 year old
female nonsmoker population analysis indicates that there is a 14% decrease in raloxifene systemic
clearance (from 43.3 Uhr to 37.2 Uhr). This 14% decrease occurs linearly with-a 56% decrease in
creatinine clearance from the mean value of 38.8 mimin to the minimum value of 17 m/min observed in
the study population. ‘

The sponsor claimed that these clearances were normalized to lean body mass, however this is

The formulae used by the sponsor follow:

Modified Cockeroft-Gauit Method for Estimating Creatinine Clearance

CGLF (mUmin) = ((140 - current age (years)) x FLBM

(72 x serum creatinine concentration (mg/dL))

Female Lean Body Mass v
FLBM (kg) = [0.29569 x weight (kg)] + [0.41813 x height (cm)] - 43.2933

The modified Cockcroft-Gault method differs from the original Cockcroft-Gautt method in the manner that
female lean body mass is estimated. : ' ’ -

This is a reasonable conclusion, especially since the drug is also glucuronidated and eliminated in the
feces. Consequently renal elimination only contributes a fraction of the totai body clearance and modest

8. Other Patient Specific Factors

No other patient specific factor (See Table 13 Patient Factors to be Assessed in the Population
Pharmacokinetic Analyses Page 17) was identified that might effect raloxifene pharmacokinetics.

Patient specific factors included laboratory tests associated with liver damage, however the range of
values for these tests were limited and were as follows:
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‘ ( serum bilirubin concentration (range 316 34 mmol/L)
) ALT (range 4 to 164 1U/L)
AST : : (range 10 to: 123 uiLy -

However, traditional PK studies performed earlier have clearly demonstrated altered clearance with
hepatic impairment.

F. Concentration Effect Relatio;rships

Concentration effect relationships were investigated for,

. 1. Efficacy
2. Discontinuations
3. Treatment Emergent Adverse Effects and Serious Adverse Events

1. Efficacy

APPEARS THIS WAY
ON ORIGINAL
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Figure 3  Pharmacodynamic Effect vs. Steady State Raloxifene Concentrations
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2. Discontinuations

a) Introduction '

Discontinuations due the following Causes were avaly

a) Lack of efficacy
b) Adverse Effects
¢)  Death

(Protoco| Completed)

Table 16 shows th

e breakdown of t
conclusions are d

he reasons for a)) discontinuations. In 'su‘mmary the following
emonstrated by Table 16:

There are Statistically significant differences in:
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( _ Box and whiskers plots of the last quantifiable concentrations plotted for each reason for discontinuing

are shown in the following figure (Figure 4). The boxes show the interquartile ranges and the whiskers the
80% confidence interval (i.e. 10% and 90% limits). -

Figure 4 = Raloxifene Concentrations: All Concentrations for Continuing Patients Compared to
Last Quantifiable Concentration for Discontinued Patients (All Data)

: Raloxifene Concentrations
All Concentrations for Continuing Patients Compared to
Last Quantifiable Concentration for Discontinued Patients
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Graphs are also available by dose. APPEARS THIS WAY
b) Discontinuations Due to Lack of Efficacy ON ORIGINAL

Subjects on 60 mg daily who were discontinued from the protocol due to a lack of efficacy had lower
mean concentrations than shown in Figure 4 above.

According to the sponsor, ‘There was a statistically significant decrease of 26% (p=0.04) in plasma
raloxifene concentrations between patients in the 60-mg treatment group who discontinued the study due
to protocol completion (lack of therapeutic efficacy) and those continuing in the study at 36 months. A
22% decrease was found in the 120-mg group but the difference was not statistically significant. These
differences in plasma raloxifene concentrations, however, were less than within-subject varability (31%)
of plasma raloxifene pharmacokinetics. Consequently, the concentrations were still within the range of
concentrations from subjects who completed the protocol.’

’ The sponsor concluded that there was 'no clinically relevant relationship exists between raloxifene
( steady-state plasma concentration and patient discontinuation due to lack of therapeutic efficacy’.

o C\REK\Reviews\NDA's\DMEDP\20-815 - - Evista Lilly\Review\Draft 3 - FinahNDA 20-815 Rev.doc Page 24 of 77




- Last printed 9/14/99 4:58 PM

sNDA 20-815 SE1-003
March 30, 1999

‘ B c) Discontihuations Due to ‘Adverse Effects

There was no indication-of any relationship between discontinuations due to adverse events and

raloxifene concentrations.

d) Discontinuations Due to Death

The last quantifiable raloxifene concentrations are higher in those subjects who died compared to the
mean concentrations in those who didn't. Plots of the concentrations in the subjects who died are shown

Evista® 60 mg
Lilly - Indianapolis, IN

in Figure 5.
Figure 5 Raloxifene Concentrations in Subjects who Died
Roason Discontinuad = Raason Discontinued =
60-mg Dose (2070 Doso
‘ :: : mg : Lo Hmg
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Details of these subjects are shown in Table 17 Subjects Who Died and had Quantifiable Raloxifene
Concentrations. Five of the subjects either died suddenly or had too few samples to assess a pattem
relating to raloxifene concentrations. Of the rest, 2 of 7 had decreasing concentrations and both of these
subjects had Gl disorders. The remaining 5 of 7 had increasing concentrations over time and this might
be due to decreasing elimination as these subjects got progressively sicker.
APPEARS THIS WAY
ON ORIGINAL
{
\
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Table 17 Subjects Who Died and had Quantifiable Raloxifene Concentrations

Evista® 60 mg
Lilly - Indianapolis, IN

Subject Dose | Number | Raioxifene Cause of Death
of Concentration
Sample
1 5065 120 5 ° | Stable Cardiac Arrest
2 5179 120 4 Increasing Gl Carcinoma
3 5273 60 3 Decreasing Intestinal Gangrene
4 5451 60 5 Increasing Gl Carcinoma
5 5133 120 1 Can't assess Hepatoma
6 86 120 3 Increasing Hepatoma
7 3508 120 3 Increasing Lung Disorder
8 929 120 2 Stable? Heart Failure
9 335 120 1 Can't assess Arrhythmia
10 2618 120 3 Decreasin Gl Carcinoma
11 2650 120 3 Stable Cerebral Hemorrhage
12 4170 60 4 Increasing Sepsis

-

3. Treatment Emeigent Adverse Events and Serious AdVerse Events

a) Treatment Emergent Adverse Events

Treatment emergent adverse events were defined as events that began or were preexisting and then
-worsened in severity after randomization.

! - Only those adverse events that met the following criteria were evaluated for a relationship to raloxifene
concentrations:

> Incidence > 1% in pooled raloxifene groups

> Incidence on raloxifene greater than the incidence on placebo
(overall p<0.05 based on chi-square test)

> Occurred temporally within 1 week of sampling for raloxifene concentrations
(.e. 1 week before or after sampling; a 2 week interval)

According to the sponsor, ‘Plasma raloxifene concentrations that were temporally associated with these
adverse events were compared graphically and statistically to plasma raloxifene concentrations that were
not temporally associated with these events.

The effect of raloxifene concentrations on the occurrence of adverse events was evaluated using logistic
regression. If the relationship between plasma raloxifene concentration and adverse event was found to
be statistically significant, the data were then further analyzed by dose (60 mg and 120 mg). If the result
within both treatment groups was not Statistically significant, it was concluded that the cormelation was due
to the effect of dose on concentration and not between concentration and adverse event. A statistically
significant result was not considered clinically relevant unless the change in the plasma raloxifene
concentrations was greater than within-patient variability estimated by the population pharmacokinetic
model.

Treatment emergent adverse effects that were identified are listed in Table 18.
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~ Table 18 Treatment Emergent Adverse Effects

Adverse Effect Significant Relationship Dose Levels with Statistically

with Concentration Significant Relationships with:
Concentration

Flu Syndrome YES 60 mg group only

Vasodilation NO X

Leg Cramps NO - X

Peripheral Edema NO X

Uterine Disorders YES 120 mg group only

Diabetes Mellitus | - NO -~ X

According to the sponsor; ‘No statistically significant relationship was identified between raloxifene
concentration and leg cramps, vasodilatation, peripheral edema, or diabetes mellitus. The mean and
range of plasma raloxifene concentrations in patients with these adverse events appear comparable to
those for patients without these adverse events. Statistically significant relationships were identified with

- flu syndrome, only in the 60-mg treatment group, and with uterine disorder, only in the 120-mgq treatment
group. In both of these cases, the meari differences in plasma raloxifene concentrations were
approximately 10% and were negligible in comparison to within-subject varniability (31%) of plasma

< ‘raloxifene pharmacokinetics.” Z

The lack of a clear relationship with mean concentration is demonstrated graphically in Figure 6.

~ Figure 6  Raloxifene Concentrations for Treatment Emergent Adverse Events

( | Raloxifene Concentration by Statistically Significant TESS
Visit Level Comparison
(All Patients, Both Doses Combined)
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b) Serious Adverse Events

All raloxifene plasma concentrations from individuals with serious adverse events were pooled and
compared to plasma concentrations from the rest of the patient population. In addition, concentration data
from a subgroup of patients with serious adverse events were analyzed for potential relationships to the
occurrences of venous thromboembolism (VT E). VTE includes deep thrombophiebitis, pulmonary
embolus, and retinal vein thrombosis. .

The sponsor failed to find any relationship between raloxifene plasma concentrations and the group of
pooled serious adverse effect (See Figure 7). This is not surprising since there is no reason to expect that
dissimilar types of serious adverse events would be related to each other. Consequently, this does not
exclude the possibility of a relationship.

Figure 7  Raloxifene Concentrations and Serious Adverse Events

Raloxifens Concentration (Patient=YES, VisiteNO vorsus VisliaYES)
Any Serious Adverse Event
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APPEARS THIS WAY
ON ORIGINAL
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( As can be seen from Figure B those subjects with deep thrombophlebitis may have higher mean plasma

concentrations than usual.

- Figure 8 Raloxifene Concentration by Serious AE and Venous Thromboembolic Event
Raloxifene Concentration by Serious AE and VTE

Patient Level Comparison
(All Patients, Both Doses Combined)
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However the number of subjects with venous thromboemboalic events and raloxifene concentrations (n=5)
is too small and the variability of concentrations from other subjects is too wide to draw any firm
conclusions: This is seen more clearly by looking at the individual concentration data in Table 19.

Table 19  Available Individual Concentration Data in Subjects with Thromboembolic Events

Event Number of Raloxifene Dose Raloxifene
Subjects . ‘Concentration
(ng/ml) =
Venous Thromboembolism(VTE) 5 (Total) :
Deep Vein Thrombophiebitis (DVT) 3 60 mg 4.09ng/ ml
’ 120mg 2.04 ng/ml
120 mg 3.35 ng/mi
Pulmonary Embolus (PE) 1 60 mg ' 1.57 ng/mi
Retinal Vein Thrombosis (RVT) 1 -..120 mg 1..- 0.071 ng/mi

VIl. DRUG INTERACTIONS

A. Population Pharmacokinetic Data - Concomitant Medication

The effect of concomitant medication on raloxifene concentrations was evaluated by a two-way mixed
effects ANOVA on log transformed concentration data (geometric mean concentrations). Concomitant
medication was included as a fixed effect and subject as the random effect.
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According to the sponsor, "Factors that make this approach particularly applicable for the current study
include:

1) alarge sample size (9637 raloxifene observations from 1774 Patients)
2) a strategy to define the temporal relationship between raloxifene plasma concentration and
concomitant medication administration

3) the long t1/2 (28 hours) of raloxifene and daily dosing
4) the exclusive metabolism of raloxifene by glucuronidation

The analysis was used only to exclude drug interactions but not to define them since the data are
confounded by the underiying disease for which the concomitant medication was used.”

A medication was classified as concomitant if used within one week prior to sampling to determine
raloxifene concentration.

Drugs were grouped by pharmacologic class (See Table 20).

Individual drugs that fell into three categories were also examined. The individual drugs and their
categories follow:

Highly Glucuronidated Drugs

Acetaminophen
- Oxazepam

Ketoprofen

Morphine

. Highly Protein-bound Drugs

Ibuprofen
Naproxen
Diazepam
Warfarin

" Gemfibrozil

Drugs Previously Studied in Traditional Pharmacokinetic Drug Interaction Studies

Amoxacillin
Digoxin
Warfarin
Cholestyramine

APPEARS THIS WAY
ON ORIGINAL
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Table 20 Grouping of Conco

mitant Medicationg by Pharmacological Class
K, 0-36 Month Data)

Drug Category

Number of
Quantlﬁable
Raloxifeng

Obs

acetyisalicylic acid, diclofenac, ibupnofen.
ketopmﬁen, nabumetone, naproxen, Oxaprozin,
piroxicam

alprazolam, bi
clonazepam.
midazolam, n

Bonzodiazepines
Beta Blockers & Agonists
Antimicrobiais )

S
Calc(qm Channej Blockers
Thyroid Hormone
H2~Antagonish & Proton
Pump Inhibitors
Hypollpldomlcs

beclomethas

M ind
Glucocorticoids one, budesonide
: fl
prednisone, triameinolone

romazepam, carbamazepine.
diazepam. ﬂunitrazepam. Doracham.
ftrazepam

N, gemfibroz;
N Simvastatin

I lovastatin,

uticasone. hydrocortisone.
bisacodyl, Cisapride, dimethicone.
docusate. laxatives. loperamide,
magnesiurnlaluminum hydroxide,
W y

psylliurn :
H1-Antagonish

iramine, cinnarizine,
h dramine. loratadine, terfenagine
ACE Inhibitors &
Angiotensin Antagoniste

Containing products
Nitrates
Anﬂdepreuants
Alpha Agonists & i ine, pi
Antagonigts henyipro ine, ps
Muscie Relaxants cansoprodol, quining -n.-_
_IE-_Z—
Oploid Anaigesics—— Mmorphine, pethiding -z--‘}-
Non-bonzodiazeplno Zopiclone
hypnotics
Blshoshonalu
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Analysis of variance of geometric mean ratios found statistically significant differences (p<0.05); or
trends, with the following classes of drugs or individual agents (Table 21).

Table 21  Statistically Significant Drug Interactions

Concomitant Medication p-Value

60 mg Dose 120 mqg Dose
NSAID's Lot 0.01

Calcium Channel Blockers (o
Thyroid Hormone 0.06 —
Hi-Antagonists 0.06 ’ —_
Guaifenesin .~ ... : 2003 L
Naproxen R Lo R 0.04
Cholestyramine 0.002 -—

The greatest differences based on the geometric mean ratios included a 16% decrease with guaifenesin
and a 36.1% decrease with cholestyramine, both occurred with raloxifene doses of 60 mg daily. It should
be noted however that no medication resulted in statistically significant differences with both dose levels
(60 and 120 mgq). Detailed results from the analysis of variance can be found in Table 22 and Table 23.

According to the sponsor, "A statistically significant result was not considered clinicélly relevant unless the
effect on plasma raloxifene concentration was greater than the within-patient variability estimated by the
population pharmacokinetic model."

That is unless the difference was greéter than 31% the sponsor did not consider it clinically relevant.
Consequently, only cholestyramine was considered by the sponsor to have a clinically relevant effect on
raloxifenie concentrations.

(R Table 24 shows the percent difference in raloxifene arithmetic mean concentrations in the presence of
concomitant medications compared to arithmetic mean concentrations in the absence of concomitant
medications. Those percentage differences greater than ~10% are highlighted in bold type. Fourteen
groups of medications had arithmetic percentage differences of greater than 10%. Sometimes only one
dose level or the other had a 10% or greater difference and in some cases such as warfarin the reported
difference for both dose levels combined was greater than the percentage increase with each individual
dose level.

APPEARS THIS WAY
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